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To engineer an adequate earth retaining system for a trench or
excavation it is first necessary to identify the material (soil) in 
which the excavation is to be made.   The  basic load upon an earth
retaining system is caused by the resulting lateral pressure of the
retained soil. Soils can be quite different. It is these differences
that result in variations in the lateral earth loads or pressures.

In general, there are two types of soils; cohesionless soils (sand and
gravel) and cohesive soils (clays). Silts, depending on plasticity,
may or may not be considered cohesionless. Natural soils areusually
between these two extremes. Unusual soil types such as organic peat
and permafrost conditions are not addressed in this manual.

A soil classification defines what soil is comprised of (silty sand
for example). Various classification systems have been established.
The Department of Transportation prefers the use of the ASTM Unified
Classification System. This system  was initially developed by the
U.S. Army Corps of Engineers and the U.S. Bureau of Reclamation in
1952. The classification system is discussed in detail in the
California Department of Transportation Materials Manual Volume VI
1973.  Geotechnical Engineers and Contractors will not always use the
same classification system and word description. If enough of the soil
properties are known, a soil can be described-or classified properly.
in the Unified Soil Classification System.

Classification is only the first part of a soil description. There
are various characteristics or properties that must be known in order
to predict the effect of a soil on an earth retaining system. These
are the Engineering Properties of the soil. Standard means of
measuring and determining these properties have been developed.

Soils Investigation usually consists of obtaining representative
soil samples, performing tests, and summarizing the data. Additional
pertinent information such as ground-water conditions, recommenda-
tions for an equivalent fluids oil pressure (Kw) and shape of pressure
distribution diagrams may also be included.
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Soil shear strength is of primary concern in trenching and shoring
work. One of the fundamental relationships governing soil shear
strength was first recognized by Coulomb and can be expressed as
follows:

In general, this relationship between shear strength and normal
stress is not  linear  for  large stress ranges. Therefore the shear
strength parameters c' and    should be defined for narrow stress
ranges.

Depending on soil permeability and the degree of saturation, the
presence of water will tend to prevent a soil from changing volume
when it is loaded. Without volume change, there can be no change in
effective normal stress and therefore no change in soil shear
strength. When a soil is saturated, a change in loading will produce
a change in pore water pressure which is in excess of thehydrostatic
pore water pressure. Excess pore water pressure will not necessarily
be positive, and may, depending on soil stress history and loading
conditions, be negative.

If a soil has high permeability, such as a coarse sand, the excess
pore water pressure will dissipate almost instantly and there will
be an instantaneous change in shear strength.

If a soil has low permeability, a clay for example, then excess pore
water pressure will dissipate very slowly and no change in shear
strength will be observed for quite sometime. Because the strength
of saturated impervious fine grained soils changes slowly with
externally applied pressures, their strength can sometimes be
expressed as:

s = su
where su is the undrained shear strength.
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These fine-grained types of soil, because their shear strength is
initially indifferent to confining pressures, are often said to
derive their strength through "cohesion"  and are many times referred
to as "cohesive soils."

In cohesive soils, excess pore pressure will reach zero over a period
of time as the soil either consolidates or swells (depending
respectively on whether the soil has been loaded or unloaded.)
Trenching and shoring work often creates situations where soil
loading is reduced - an excavation for example. A fine-grained soil
in this situation will tend to expand and has the potential to lose
shear strength over time.

Soil permeability, drainage and loading conditions, and degree of
saturation greatly effect the pore pressures generated when soils are
loaded, which in turn significantly affect Soil shear strength.
Therefore, these factors require careful consideration when planning
or evaluating a soil testing program to estimate shear strength
parameters for use in analysis.

A few helpful TABLES and FIGURES are included in this section listing
various soil properties and relationships.

An essential value for the determination of some of the soil
relationships described  in TABLE 7 is the specificgravity (G) of the
soil. The specific gravity (G) of a soil may be satisfactorily
estimated in accordance with the following:

Soil Tvpe
Sands and Gravels
Inorganic Silt
Organic Clay
Inorganic Clay

_Specific Gravitv (G)
2.65 - 2.68
2.62 - 2.68
2.58 - 2.65
2.68 - 2.75
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SOIL PROPERTY NOMENCLATURE

TABLE 9

Test Borings permit classification and consistency determinations of
underlying soils. Soils usually change at various levels or depths.
Sometimes it is necessary to identify soils below the bottom of the
proposed excavation. Soils samples for testing may be extracted and
the presence and the elevation of ground water determined.

The Standard Penetration Test (SPT) is a means of retrieving, from
the bottom of a bore hole, a disturbed sample of soil for visual
classification or index testing. The number of hammer blows used to
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drive the sampler provides an indication of thedensity of a granular
soil or the consistency of a fine-grained soil. Empirical
relationships can then be used which estimated soil friction angle
     from density of granular soils and unconfined compressive
strength (qu) from consistency of fine-grained soils.

Standard test procedures have been developed to obtain the properties
from field samples. Some of these tests will be performed in the field
and the remainder in a soils laboratory. For detailed information on
soils investigation procedures and tests, see the Department of
Transportation Materials Manual Volume VI, 1973.

There are several sources of soils information usually available to
the Contractor and the Engineer. When structures are included in a
contract there will  be a report prepared by the Transportation
Materials and Research Laboratory Engineering Geology Branch. The
"Log of Test Borings", which is included as part of the contract plans
is from this report. The soil is classified and its density or
hardness at various elevations is determined. Moisture content and
ground water conditions may also be given. If the borings are within
reasonable distance of the proposed trench work they may serve as a
guide to review or confirmthe soils data submitted with the shoring
or excavation plans. A sample of a Log of Test Borings is shown in
FIGURE 5.

Soils investigations may also be made by District Materials and
Headquarters Laboratories. Numerous properties can be developed
beyond those normally shown on the Log of Test Borings. This
additional soils information is a part of the project materials
-report. An example portion of a reporting form is shown in FIGURE 6.

Material reports are available on request. The Contractor should be
informed of the availability of soils information at the pre-job
conference. Observation of adjacent work in similar material by both
the engineer and the Contractor during such operations as pile driving
and excavations will often supply useful soils information.

The Contractor may elect, or find it necessary, to have a soils
investigation performed. In this case the soils information or report
will be furnished to the Engineer as a part of the supporting data
accompanying the shoring plans.

It is recommended that exploratory borings be made and soil properties
determined for unusual conditions such as a very deep excavation, work
adjacent to buildings, and known areas of potentially unstable
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ground. This is especially critical when ground water level is close
to the surface. Materials that require special consideration include
existing and former tidal flats, estuaries, marshes, alluvial flats,
andground reclaimed by fill.

Soil test results need to be used with caution. Soil test reports
from many soils laboratories or similar sources will include safety
factors incorporated in the reported results. Other soil test data
may not include safety factor considerations. The soil properties
shown in FIGURE 6 for example, are direct result values which do not
contain appropriate factors of safety.

Factors which the engineer will consider when assigning strength
parameters to a soil include:

the method with which soil shear strengthwas determined. 
the variability of subsurface-profile.
the number and distribution of shear strength tests.

Of these factors only the first can be addressed here, the others must
be dealt with on a site specific basis.

Many ways of evaluating soil shear strength have been developed. Not
all methods are equally precise, therefore one needs to consider the
source of the shear strength data when making an evaluation of a
proposed trenching or shoring system. The following is a guide for
judging the reliability of soil shear strength parameters:

Test Method Course-grained
soil

very good*
mot applicable

good*
not applicable

fair
not applicable

fair

Fine-grained
soil

very good
very good

fair
good
fair
fair

Triaxial compression test
Unconfined compression test
Direct shear test
Vane shear test
Cone penetration test (CPT)
Pocket penetrometer
Standard penetration test (SPT) poor

*Recovery of undisturbed samples can be difficult.

Additional information concerning soils testing may be found in
Appendix B.

Unstable ground conditions may also be encountered in areas under-
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lain by soils developed in-situ  from  weathering of rock and in deeply
weathered and sheared rock. Adversely oriented bedding, fracturing
and jointing planes of shear zones which are inclined towards the 
excavation should be investigated.

Instability of excavation walls can also occur in certain geologic
formations such as clays and shales that are subject to cracking and
spalling upon exposure to the atmosphere and to swelling when
saturated with water. Excavating in such materials requires
protection of the excavation walls to help retain natural moisture
content and thus prevent cracking, spalling, and eventual wall
instability. If cracking does occur, water should be prevented from
seeping into the cracks.

A term that comes up frequently in trenching work is "running ground."
It is referred to in the Construction Safety Orders and is criteria
for more restrictive requirements for a shoring system. A running
ground is defined as a soil that cannot stand by itself even for a
short term, and is the dynamic state of actual failure or cave-in.
Running soil will have little shear strength and will flow with
virtually no angle of response in an unsupported condition. A mud under
pressure which flows is an example of running ground. For running
ground conditions, the full dry weight or the saturated unit weight
of the material has to be resisted. The angle of internal friction
     and the cohesive value, are both zero. The shoring system wall
in contact with the material must be solid. Running soil is the most
adverse soil conditions that can be encountered. The soils inves-
tigation should state if a soil is known to be running.

Quick sand is a type of running soil. It occurs in cohesionless soil
when the force of the upward flow of water is sufficient to make the
soil bouyant and there by prevent grain interlocking. The soil grains
are suspended in the water. A quick condition can be developed by
adverse water flow. It may best be stabilized when the trench is dewatered.
Quick conditions can occur in silt as we11 as in sand.







UNIFIED SOIL CLASSIFICATION SYSTEM

USEFUL CONVERSIONS

Pa = Pascal = N/m2

N= Newton 1 Ft2 = 0.093 m2

1 ksf = 47.88 kPa = 47.88 kN/m2 1 in = 0.025 m

1 Lb/Ft2 = 0.048 kN/m2 = 47.9 N/m2 1 in2 = 645.16 mm2

1 Lb/in2 = 6.89 kN/m2 1 kip = 4.448 kN

1 Ton/Ft2 = 2 ksf = 95.76 kPa 1 kg = 9.807 N
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The Transportation Materials and Research Laboratory Engineering
Geology Branch has prepared a summary of "simplified typical soil 
values" For average trench conditions the Engineer will find the
data very useful to establish basic properties or evaluate data
presented by the Contractor. The following table lists approximate
values.

SIMPLIFIED TYPICAL SOIL VALUES

TABLE 11

For active pressure conditions use a unit weight
value of   = 115 psf minimum when insufficient soils
data is known.
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A rough correlation between the standard penetration index value (N)
and the angle of internal friction      in  a  granular  can  be  made
as shown by TABLE 12. Also, the penetration index can be related to
the cohesive value (C) in a cohesive soil as shown in TABLE 13. The
standard penetration index is converted to qu (unconfinedcompressive
strength) which in turn is equated to "C" by the formula, C = qu/2.

Please note that these conversion tables are approximate. They can
be used by characterizing the soil as being either predominately
granular or cohesive. If possible, the conversion of the penetration
index (N Value) should be checked by performing laboratory or in-site
tests.

GRANULAR SOILS

TABLE 12
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